Background Surgery has become an important tool for cancer treatment, requiring many available resources and a good organization of the surgery service. The aim of this study was to provide robust data for policymakers on the impact of hospital volume on survival, taking into account different sources of information. Methods We performed a retrospective study in a cohort of patients with gastric cancer submitted to partial or total gastrectomy. Data for the analysis were retrieved from regional administrative databases, the regional death registry, and histological reports. The main outcome measures were operative mortality and long-term survival. The associations between hospital volume and risk of mortality were calculated using a Cox multiple regression analysis. Results The estimated relationship between operative mortality and volume was not statistically significant. Conversely, high-volume hospitals had an increased likelihood of long-term survival compared to low-volume institutions: hazard ratio 0.79 (95 % confidence interval, 0.66-0.94, p = 0.01). The percentage variation between crude and adjusted HRs using only administrative data or administrative and histological data was very small. However, the combined use of administrative and clinical data provided a more accurate model for estimating riskadjusted mortality. Conclusions A positive association between hospital volume and survival was evident for long-term outcome after adjusting for patient and tumor confounding. Moreover, the patient's choice of hospital was not guided by specific care pathways or screening programs, and prognosis was not poorer for patients in high-volume hospitals. These findings suggest that there is leeway for improving access to surgery for gastric cancer patients.
Introduction
The Organisation for Economic Co-operation and Development (OECD) has stated that, since 2000, the Gross Domestic Product has grown an average of two percentage points less than average health spending per capita across OECD countries [1] . This fact highlights the need, today more than ever, for the good use of available resources, especially in national healthcare systems with a tradition of solidarity such as that of Italy. Within this context, clinicians and policymakers are under pressure to identify strategies to improve the quality and effectiveness of healthcare and, at the same time, to reduce costs.
Although surgery has become an important tool for cancer treatment, it also involves the significant use of resources. The relationship between volume and clinical outcome could be crucial to identifying evidence for planning improved organization of the surgery service. Numerous studies have examined the relationship between hospital volume and the clinical outcome of patients undergoing surgical procedures for cancer [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . However, the volume-outcome relationship has not been always exploited to enhance the organization of the surgery service.
Our research focused on hospitals of Area Vasta Romagna (AVR), a catchment area located in the southeast of the Emilia Romagna region. The AVR Health Service is made up of four local Health Authorities with a total of 10 public hospitals and 11 private hospitals with a general surgery department. The area is characterized by a high incidence of gastric cancer: 16.5 (95 % CI 15.3-17.7) age-standardized incidence rate per 100,000 person-years among women and 32.8 (95 % CI 31-34.6) age-standardized incidence rate per 100,000 person-years among men (Romagna Cancer Registry, period [2004] [2005] [2006] [2007] [2008] ; unpublished data).
The aim of the present study was to investigate the impact of hospital volume and other potential prognostic factors on the survival of patients undergoing gastric cancer surgery in AVR hospitals, taking into account different sources of information.
Materials and methods
We used regional administrative databases containing hospital discharge records (HDR) to identify consecutive patients submitted to surgery for gastric cancer from January 2004 to December 2008 in all the public and private hospitals located within AVR. To take into consideration a radical surgery approach, we restricted our sample to patients with a primary diagnosis code of stomach cancer (151.9) and primary or secondary procedure codes of partial gastrectomy (43.6, 43.7, 43.81, 43.89) or total gastrectomy (43.91, 43.99), as defined by the International Classification of Diseases, 9th revision.
Patients who did not reside in the study area were excluded as their names would not have appeared in AVR death records. We linked the sample of patients with the Regional Death Registry and with histological referrals (only available for public hospitals). The Romagna Cancer Registry was also consulted to verify the diagnosis of stomach cancer and the outcome.
Access to data was granted by the Regional Health Authority and the Department of Healthcare Management of AVR hospitals. Data from the HDR database, the Regional Death Registry, and histological referrals were merged in a deterministic record-linkage procedure. The final database was anonymized by deleting the identity of the patients and other sensitive information and by assigning a unique numerical code to each individual. When anonymized administrative data are used for healthcare planning, studies are exempt from formal ethics review and specific written consent is not required to use patient information stored in hospital databases.
Individual variables and hospital volume
Details of demographic characteristics, information on coexisting medical conditions, and date and type of surgical procedure were obtained from hospital discharge records. The Charlson comorbidity index was used to evaluate the burden of comorbidities [17, 18] .
Information on tumor stage, metastatic and surgically removed lymph nodes and lymph node stations, Lauren histology, and transected surgical margins was retrieved from histology referrals. The hospital volume of procedures was calculated as the mean annual number of gastrectomies performed per hospital. As no national standard volume has been established for gastrectomies in Italy and the study area is small, we considered the highest volume cutoff point used by several authors [2] [3] [4] . Thus, hospitals were classified into three volume categories: high-volume hospitals with more than 21 cases/year, low-volume hospitals with 7-21 cases/year, and very low volume hospitals with fewer than 7 cases/year.
Outcome measures
The patient outcomes of interest were operative mortality and long-term survival. Vital status was initially obtained from the Regional Death Registry and updated by the Romagna Cancer Registry. We defined operative mortality as time elapsed from surgery to death (all causes). If death occurred more than 30 days after the date of the surgical procedure or after hospital discharge, the patient was censored. Long-term survival was defined as time elapsed from the date of the surgical procedure to the date of death from any cause or to the date of the last follow-up. Followup data were available up to 31 December 2011. The hospital admission date was used when the date of the surgical procedure was missing for both operative mortality and long-term survival [5] .
Statistical analysis
Patient and tumor characteristics from the three volume categories were compared using percentages and chisquare tests. The number of metastatic and removed lymph nodes was analyzed as both a ratio and separate variables [19] .
We used the Kaplan-Meier method to estimate operative mortality and long-term survival between volume categories and the log-rank test to compare the curves. To identify potential prognostic factors associated with time-dependent clinical outcomes, we first developed a Cox model using a stepwise method and significance thresholds of 0.10 and 0.05 for covariate entry and removal, respectively. Removed stations were not taken into consideration in the multivariable analysis because this variable was not homogeneously reported by pathologists and also because we know that such data, retrieved from histological referrals, may reflect the different procedures of each hospital rather than actual disease conditions.
The adjusted hazard ratio for volume categories was assessed using a second Cox model comprising only the factors that proved statistically significant in the previous model. First-level interaction terms were included in regression models to test whether the impact of one variable on the outcome was modified by another variable. We checked for possible deviations from the proportional hazards assumption of the Cox model using the nonproportionality test on the basis of Schoenfeld residuals.
To reduce the potential impact of coding errors and identify the true radical treatment, we also implemented a sensitivity analysis by excluding patients with a secondary diagnosis of malignancy (197.9 and 198.9) and no specific indication of the surgical procedure performed, and patients whose tumors had infiltrated margins.
The amount of confounding from different sources of information was evaluated by the percentage variation between crude (from Cox regression model including only hospital volume as covariate) and adjusted HR for highvolume hospitals compared to low-volume hospitals in two nested models. The first model included only variables associated with outcomes retrieved from administrative data (model a), whereas the second added variables associated with outcomes from histological referrals to those retrieved from administrative data (model b). The very low category was not considered as we had no histological data for these hospitals. A percentage variation C10 % between crude and adjusted HRs was considered as a relevant confounding contribution [20] . We compared the general goodness of fit of the nested models using the Akaike Information Criterion (AIC) [21] and the likelihood ratio test, assuming a chi-square distribution. A smaller AIC value indicated a more reliable model for predicting the outcome. The discriminative ability of the models was calculated using Herrell's c statistic [22] . The c statistic ranges from 0 to 1, with higher values indicating better discrimination.
All tests were two-sided with a significance level of \0.05. Analyses were performed using SAS 9.3 (SAS Institute, Cary, NC, USA) and STATA 10 (StataCorp, College Station, TX, USA) software.
Results
During the 5-year study period, 1,435 patients with a diagnosis of stomach cancer underwent total or partial gastrectomy in the local area of interest. Of these, 121 (8.4 %) patients were excluded because they did not reside in the AVR area. A record linkage was obtained between administrative and clinical databases for patients discharged from public hospitals (n = 1,203; 91.6 %). The patient sample underwent surgical treatment in 7 public hospitals and 9 private hospitals with a mean annual hospital volume ranging from 2 to 65. Four public hospitals carried out high-volume surgery and three did low-volume surgery. All private hospitals were very low volume facilities.
Patient and tumor characteristics by hospital procedure volume are summarized in Table 1 . Patients undergoing surgery in very low volume hospitals had a similar demographic profile but a lower prevalence of total gastrectomy procedures compared to low-and high-volume hospitals. Moreover, hospitals in the high-volume category showed a higher prevalence of removed lymph node stations and a different distribution of tumor stage compared to low-volume hospitals.
Operative mortality
Of the patients, 90 (6.8 %) died before being discharged from hospital or within 30 days of the surgical procedure. Overall, the operative mortality rate was 6.2 % (95 % CI, 5.0-7.6 %), with great variability between hospitals. A minimum operative mortality rate of 4.23 % was registered in a high-volume hospital and a maximum value of 11.58 % was recorded in a low-volume hospital.
The Kaplan-Meier estimate of the operative mortality functions for the volume categories was not statistically significant (p = 0.16) (Fig. 1a) .
In the multivariate analysis, the adjusted relationship between operative mortality and volume was not statistically significant (Table 2 ). Excluding patients who may not have been radically treated, the sensitivity test revealed weak evidence of a decreased risk of mortality for patients treated in high-volume hospitals compared to low-volume hospitals [HR, 0.56 (95 % CI, 0.31-1.00), p = 0.05].
Long-term survival
There were 769 deaths (58.5 %) recorded and analyzed in relationship to long-term survival. The 3-year long-term survival rate was 51.2 % (95 % CI, 48.5-53.9 %) at a median follow-up of 69 months. Long-term survival across hospitals ranged from 87.5 % to 39.3 %. However, excluding private hospitals, which represented a group of health institutions performing a lower number of surgical procedures and a higher percentage of partial gastrectomies, the range of variability between hospitals remained large (from 59 % to 39 %).
Kaplan-Meier curves for the different volume categories showed a significant variation in long-term survival (high 51.9 %, low 45.7 %, very low 59.5 %) (p = 0.003) (Fig. 1b) . After adjusting for the significant covariates, our results indicated an increased likelihood of long-term survival in patients undergoing surgical procedures in highvolume hospitals compared to low-volume hospitals ( Table 2 ). The sensitivity analysis confirmed a benefit for high-volume hospitals compared to low-volume hospitals [HR, 0.77 (95 % CI, 0.63-0.95), p = 0.01].
Accuracy of information sources
The performance indicators of the two nested models are reported in Table 3 . The HR percentage variation between crude and adjusted estimates was not significant for either model (a or b). However, model b had a lower AIC score for each outcome and a higher c-statistic to predict longterm survival. Moreover, the addition of tumor characteristics (model b) increased the likelihood ratio of operative HDR hospital discharge record, HR histological report a N0 = 0 positive lymph nodes; N1 = 1-2 positive lymph nodes; N2 = 3-6 positive lymph nodes, N3a = 7-15 positive lymph nodes; N3b C15 positive lymph nodes b N ratio 0 \ 15 = 0 % and removed lymph nodes \15; N ratio 0 C 15 = 0 % and removed lymph nodes C15; N ratio 1 = 1-9 %; N ratio 2 = 10-25 %; N ratio 3 C25 % [20] mortality by 23.7 % (p \ 0.0001) and of long-term survival by 72.6 % (p \ 0.001).
Discussion
Our study shows that patients who submitted to gastrectomies in high-volume hospitals had a 21 % higher longterm survival than those undergoing the same procedure in low-volume hospitals. Weak evidence was found of a reduced risk of operative mortality for high-volume hospitals.
In the study area, the patient's choice of hospital was not guided by specific care pathways as there are no population-based screening programs associated with gastric cancer. We can thus exclude the possibility that patients with poor prognoses were concentrated in one specific hospital. The distribution of patient and tumour characteristics between high-and low-volume categories seems to confirm this assumption.
A limitation of our study is undoubtedly the restricted study population. However, patients living in the AVR area are characterized by epidemiological homogeneity, i.e., geographically stable populations with the same dietary habits, environmental conditions, and degree of exposure to exogenous agents.
The majority of published studies involve larger numbers of patients but use data retrieved solely from administrative databases leading to possible problems of poor-quality data and lack of completeness and accuracy [6, 7, 23, 24] . The effort made in the present study to include linkage with histological referrals enabled us to assess the relationship between hospital volume and outcome after adjusting for tumor stage and removed and metastatic lymph nodes, which are known to be associated with outcome [25] . Furthermore, the combined use of administrative and clinical data from histological referrals provided the most accurate model for estimating the adjusted risks of death.
Currently, researchers approve the urge to improve the quality of cancer surgery. Volume could be defined as a proxy of the quality of care but other structural or process indicators may influence the relationship between volume and outcome. A recent study by Mayer and co-workers on radical cystectomy in England [5] reported an increased risk of mortality after adjustment for institutional structural and process variables. To our knowledge, few studies on gastrectomy include adjustment for these variables [11] . Unfortunately, we were unable to perform such an adjustment as information pertaining to these areas was not homogeneously recorded by the hospitals.
Furthermore, the analysis of surgeon volume could also be incorporated to explain outcome variations [12, 13] . Surgeon volume, although probably highly correlated with hospital volume, may better reflect the effect of the surgical technique and of the expertise and skill of the surgical team on outcome.
The clinically appropriate cutoff used to define highvolume hospitals remains a controversial issue. A large number of different cutoff points have been used in previous studies, resulting in some authors defining a given volume of cases as ''low'' [4, 8] and others defining the same volume as ''high'' [7, 23] . Results from studies are thus often difficult to compare. We chose the only cutoff points used, to our knowledge, by more than one previous study to separate low-volume hospitals from medium-or high-volume hospitals [2] [3] [4] . We did not use conventional statistical cutoff points such as quartiles, which furnish approximately equal numbers of patients by volume categories. Interestingly, we observed a difference in the number of procedures carried out by private and public hospitals. In our population, private hospitals performed fewer than 7 gastrectomies/year, whereas all public hospitals carried out more than 18 gastrectomies/year. As we could only evaluate public hospitals at multivariate analysis, reducing the total number of hospitals assessed to 7, we decided to separate these hospitals into two groups. We opted to compare our results with those from other international studies rather than use a statistical cutoff that would increase heterogeneity and further limit the potential to generalize about the real effect of case volume on outcome.
In acknowledging these important limitations, our findings would appear to contradict those from the Dikken and co-workers [2] Netherlands study, which did not report a significant relationship between hospital volume and 6-month mortality or long-term survival. However, Dikken's work covered a period of two decades during which time diagnostic, preoperative staging, and patient care could have varied considerably. Moreover, only 2.5 % of all gastrectomies were performed in high-volume Dutch hospitals. Conversely, the other two studies that used a cutoff of 21 procedures observed an association between HR hazard ratio a N0 = 0 positive lymph nodes; N1 = 1-2 positive lymph nodes; N2 = 3-6 positive lymph nodes; N3a = 7-15 positive lymph nodes; N3b C15 positive lymph nodes high-volume hospitals and low postoperative mortality for gastrectomy [3, 4] . A recent meta-analysis investigating the effect of hospital volume by cancer type revealed a significant association between volume and short-or long-term mortality in 14 of 20 studies on gastric cancer [26] .
Considering the inverse volume-outcome relationship and other reasons, gastric cancer surgery has been centralized in some countries such as the UK, Denmark, The Netherlands, Sweden, and Finland [27] . Whether this approach is applicable to local condition and geography, there is a leeway for improving access to surgery for gastric cancer patients. In our region, in an effort to improve the management of resources and provide patients with standardized care pathways, the Regional Health Authority has plans to develop a comprehensive cancer network in which all services for cancer patients are centrally managed. Within this context, however, it is important to remember that surgeons must not be thought of as someone who performs surgical procedures throughout the network to facilitate patient access to a complete range of healthcare services. On the contrary, specific surgical expertise must be identified for single hospitals in the geographic area of interest on the basis of clinical outcomes obtained to ensure the best possible results for patients from the point of view of both medical technology and professional experience. At the same time, healthcare policy makers must be in a position to target the offer by taking into account evidence-based results to distinguish between low-complexity services that are available throughout the network and high-complexity services that are concentrated in reference centers.
In conclusion, in the area of oncological surgery, the robust data obtained in our study on the effect of hospital volume on survival strongly suggest that patients with gastric cancer should be referred to high-volume centers for surgery. Moreover, the information obtained in the present study encourage future research in other cancers and non-cancer pathologies for which surgery is one of the therapeutic elective choices. 
